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� �

Racemate Bupivacaine� ����� �� 	
��
��� ������� �����. Kromasil® ������� ��

����   �! n-hexane/2-propanol/acetic acid/triethylamine, 99/1/0.3/0.05(vol.%)���. ��� �  �" 2-propanol

� #�$% &%'() *+,-. ��/% �,� 0123�. ���  � 4�� 567
 89�: triethylamine� &

%'() �	� sharpness% &%�� *+,- ;, 01���. <�, acetic acid% =7>, 	
��
�� ?@�'� A

%B��7C #� 0.3%�� ��/% %D EF� G"' ( H3�. �I, ���JK� L6��MN4� �O" SMB

(simulated moving bed)	
��
�� ,PQ(RS 1.0 cm×10 cm×8T UV7
 W )� ������� XYZ�� �[

W��7C, �� \]7
 G"���. 
 ̂ . switching time 15�, feed� _6 0.1 ml/min, desorbent 0.86 ml/min, raffinate

0.3 ml/min, extract 0.66 ml/min, recycle 1.0 ml/miǹ a 100% b/� R-form. S-form� c� ( H37C, \]de XY

Z�d-� fg: 2%�h��.

Abstract − The chiral separation of racemate Bupivacaine was carried out to find the optimum condition for chromato-
graphic system. The optimum species and composition for mobile phase were n-hexane/2-propanol/acetic acid/triethylamine,

99/1/0.3/0.05(vol.%) in case Kromasil® chiral stationary phase was employed. The retention time and resolution decreased

with the increase in the ratio of 2-propanol in the mobile phase. The sharpness of peak and retention time decreased, as the con-
tent of triethylamine increased. Without the existence of acetic acid, the chromatographic separation didn’t occur, and the res-

olution was the highest at the acetic acid volume ratio of 0.3%. The optimum condition of SMB (simulated moving bed) was

determined by simulation and its results was compared with exprimental data from lab-scale SMB (10 mm ID×8 ea). Based on
the SMB simulation and experimental results, 100% purity of R and S Bupivacaine were obtained and the error between the

calculated and experimental value was within 2%.
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^_ ` �)*+
 �[ a)� bcd Ie� 8

0f g  3[1].

�D E4 1LJ. h@�0� 1980_H� iN j>�)*+i.

�<�0 j>kl# mn�� �o� pq\� rL�s3. tu 1992
†To whom correspondence should be addressed.
E-mail: leejk@kist.re.kr
736



Simulated Moving Bed� ��� Bupivacaine �� 737

 

_1v wx� FDA(food and drug administration)� 	
 32 �,�

P). @y0  � �)*+
 �zNd ,;� !" {| Z O �)

*+} t). 0@~� [3� ��D ��N �$ �)*+A. I

J[ j>P) �,-� B�. ���0  3. �� T/ �� �,-

. j>�<�� �[ 0l�< �o� ��)� �H�� \]3.

�$ �)*+� ��,- pq h�4 � �)h�pqX ��� /

�w ��;. �<�� h��  &Q �
����� �o� �[ �

$�)*+ �<�o4 �H� �) G ��0n=h�X E4 �
�

�)h�� �~ r�X pq�# ��  $ 
  3. ¡[ �
���

�� �o4 32 �<h�� �~ ¢4 �£@# IJ�� �¤�  

&' tu �¥�	 �<� ¦
 �zN§ ¨� ©ª[ �,-� ��

�3. ��N �«�� �� 0n�� pq4 j>�)*+# �<��

�¬J �
������ �J. ­dr®¯3[2]. k
[ j>�)*

+# �<�0 batch �
������ �¤. ��� ��� �
�

p°� �
����� ±n�� SMB(simulated moving bed)� �J

� ���s3. SMB±n4 1960_H U wx� UOPI� C8 hydrocarbon

�	 para-xylene. �<�� ²	 pq\� rL³3[3]. �N silicagel

�Q �¥´5
@# µ¶;*
 �J�� ·¸=�;, ¹º M 3»[

=�;. �<��² ¼< �J\N¯3[4].

SMB �
����� �o4 F½¾� 32 � ;*. �<�� ¿

ÀÁ ±n�o� �Q
 J| ��Â� �0 0n�� *ÂÃ B�Â

� Ä4 Å&
 ÆÇ§  3. �ÈÉ
 batch �
������ �¤�

J*� Ê·X F½�(adsorbent)� ¢4 �«). ¿ÀÁ �
���

��� SMB# IJ�� pËrÌ 
  3. SMB� �· ÍÎ$�	

��J ÍÎ$
� ÍÎ$ ¬� �r�� �zN@�² �� ?$[ 0

n�X �?�. IJ�� ÏÐ�3[5]. �( �¤4 Ñ,� pq�	1

v r�� Q6��Ò@� r�.  �Ó3. SMB �
������ Ô

Õ BÖ±>, ,>, n×=> ��� �J\0  &' tu ��±>X �

Ø\N �)*+ �<� Ù4 ¿�� \0  3. ��Ò@ amino acid,

ascomysin, 1-phenyl-1-propanol, 1,1'-bi-2-naphthol, Tröger’s base compound

M� �)*+� SMB ±n �<� �[ ¿�� 80\]3[6, 7].

Ú ÛÐ�	�, /�w ÜÝ� �� �,-. OO� j>�)*+,

Þ �)*+
 j>�ß�� �[ �
����� ±n� H~	 O à


� tá. �I�s3. ¿�� j>�ßH� �,- râ
�

Bupivacaine, R, S-[1-butyl-N-(2,6-dimethylphenyl)-2-piperidine carboxiamide]

. IJ�s3(Fig. 1). Ú r,4 �X�� �1�XJ x��ã�
 ¼

< IJ\0  3. �ÈQ S-(-)-�)*+� �ã�
	� ,<� t)

. ä� åæ R-(+)-�)*+� �çÑ!X è�é�� a). wê3

0 80f g  3[8]. ¡[ !�ëì�Q ��¦I
 ë�í !" S-(-)-

�)*+� !"� é�C� î� ï� ð;È x��ã�
	� ñß

. � ï�[30 bcò3[9]. T/	 /�w ��; �Ý� Bupivacaine

&
1v a). �d R-(+)-�)*+� j>�<# �~ ���<J

óô. IJ[ 0)õ ö+�
�����(HPLC)# �J[ ÷ø. �

s3. � ÷ø4 ùÜ�ú. gº&
 �
����� ±nà
 �Zû

�# lü�� �[ Å�3. ¡[ �# gº&
 1.0×10 cm×8p óô

&
 �)f ÷ø÷ �ý� SMB ��# IJ�� ÷� ±n� ýID

÷ø. 9�� �<# �[ Ô��Z�:. þ��s3.

2. ��� ��

�
����� ÷ø�	 ÿN@� WX� �<)õ. nÂ�&
 �

�~ ¦� �~	 �<l(resolution)# �J�s3. �<l R4 � ;

*�� ��\� Å&
 Á (1)
 n�f3. +�r�X peak �� ��

� �� ¡� r�&
 �r\É
 �<l� ���� f3.

(1)

���	 t1, t2� râ 1, 2� +�r��', w1, w2� �� 1, 2� �

ÓË�	� ��' r� ��
 �r[3.

ùÜ�Ý�	 Æ0  � »� 0n�� ��\N  � N	 ;*�

»X �?�� ��\N  � ;*� »�� ��# QRC� �~ F

½ùÜÁ&
 LangmuirÁ. IJ�s3. tu Ú ¿��	� �<�0

� �� �)*+� 	
 !
F½. [30 �n�� �)*+� M

¥F½�ËÁ&
	 Competitive Langmuir Á. IJ�s3. Competitive

Langmuir 4 6�D E� QR�3. ��	 n4 rÍ
C )�� 
�

0 aD b� 
>�� �
�3. qs,i� 0n� �=JÂ�3.

    (2)

�
������ !"�	 [ �4 k
[ J|��Q Jö� \0

Qð@ �4 0+�� \' � 0+�� F½�� f3. ö+-0+ ù

Ü�	 F½\� ;*4 0n�� �æ� F½\� �~ �� !
�

� »�. QRS3. WX�&
 H1�� ö+-0+ ùÜ� H[ �

~� ÷ø��3.

F½ùÜÁ. Wn�� h� � �Q� Jü�Ë. �J[ ?�h�,

PIM(pulsed-input method)�3. �
������	 râ� óô. 9

X�� \æ � Ï qB�� 0n�X �?��	 râ� �là=�

3�� $� �w� hnÁ&
 ��f3. )� i� H~, 3�X E4

;*
@Á� ��d3.

(3)

u� �?�� ËÀl�0, ε4 ±���3. Á (3)4 �h� þ�. 0

Ç�@ �4 Á�3. Á (3)X Á (2)# �� �~ ¸[���� IJí


  3. tu � �w�hnÁ� ?r� ��\� !" ~·~� �

� ÏÐ� Á (3)4 Á (4)
 3r �0,

=0 (4)

�h� þ�. 0Ç�@ �4 HÑ óôh�&
� ∆x# HETP

(height equivalent to a theoretical plate)
 �n[3. ~# ��� �~

Langmuir F½ùÜÁ� |pà
 a, b# Æ6� �' 6� Á�	 �ß


  3.

(5)

��	 a� |" Ê·f �l�	� ùÜ�
�. ã[ Å�0 ¦ì1

�} +�r�. ���� Ê��l�	� +�r�. �[ ` ùÜ�

R
t2 t1–

w2 w1+( ) 2⁄
---------------------------- 2 t∆

w1 w2+
------------------= =

qi
aiCi

1 bjCj
j 1=

n

∑+
-------------------------     ; i 1 n,== qs i,

ai

bi

----= 
 

u
∂ci

∂x
------- ε

∂ci

∂t
------- 1 ε–( )

∂qi

∂t
------- 0=+ +

u t cx x t,∆+ cx t,–( )∆ ε cx x t t∆+,∆+ cx x t,∆+–( ) 1 ε–( ) qx x t t∆+,∆+ qx x t,∆+–( )+ +

q aC k ε
1 ε–
----------C= =

Fig. 1. Structure of bupivacaine.
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 �. ��s3. |pà
 b�4 V�� �. Ën[ `, Á (4)# �

J�� Jü�Ë. ���s3. ��f Jü�ËX ÷ø�. �´��

$��l� å���. 9�� |pà
 b�. ÿ]3[10]. k� +�

���3. �È[ 
�~·4 SMB Z�ýI 
�!� Aspen

chromatography� �~ 
"�s3.

3. �� �� 	 
�

3-1. �� � 	
� �


�<H�;*� Bupivacaine hydrochloride, [1-butyl-N-(2,6-dimethylphenyl)-

2-piperidinecarboxiamide]D S-Bupivacaine4 Sigma AldrichI� �-

. IJ�s3. râ)��  � hydrochloride# ���� �~ sodium-

hydrocarbonate(Kanto Chemical Co., Inc.)D methylene chloride(Baker

analyzed' ® HPLC reagent), water(Baker analyzed' ® HPLC reagent)# I

J�s3. ÷ø� IJ[ �?� J|� hexane(95% n-hexane Baker

analyzed'® HPLC reagent), 2-propanol(Baker analyzed'® HPLC reagent),

acetic acid(Baker analyzed'® HPLC reagent), triethylamine(99.5% Aldrich

Chem. Co.)�3.

�
����� �?�� �J�� �~ râ�,-4 3�X E4

Z#< k	� �~ d"f3. k
[ )�� /�w Bupivacaine. ÿ

� �~ Bupivacaine hydrochloride 3 mgÃ X�= sodium-hydrocarbonate


JöX DCM(methylene chloride). 2 ml �«
 Ó�[3. �Ï, X

�= �Ý� sodium-hydrocarbonate� 3� ��f ; 100 mlÃ sodium-

hydrocarbonate# 7 g��&
 $N Ó��s3. $nÂ� râ# Ó�

f DCM� %& '�3. râ� (Zu DCM� '4 ` Ó�f X�

= sodium-hydrocarbonate 
Jö. $N Ó `, � ��� ;*Z)�

J��l� 1 �� *iN Ó3. ùù[ +� ,6�N � ö�� ���


 �~ ��<� í ÏÒ@ ,6 -3. � Ï k
[ )�� Bupivacaine

4 DCM�� �.�0 �k;� hydrochloride� X�= sodium-

hydorcarbonate 
Jö� �.�� f3. ��� �H�&
 Ä4 DCM

. �}/H�# �J�� �ã[3. �ã[ DCM Jö. �¨�Q

evaporator# �J�� 0qr13. � Ï B2 Wni. ý6 ÷ø� I

J�s3.

3-2. ��� � ����� �� ������� ��

Ú ÷ø� IJf ��0n�4 Kromasil® CHI-TBB(Eka Chem.,

Sweden)�' O,O-bis(4-tert-butylbenzoyl) -N,N-diallyl-L- tartar diamide

� �� monomer� silica� W�f Å&
 ì!4 10µm, �±���

100 Å�3. HPLC óô4 Kromasil® CHI-TBB# C!� 1 cm, ���

10 cm� stainless-steel óô(Alltech)� 3È< µ¶�� IJ�s3. µ

¶ ;*. 4Z�� �[ ��
� slurry packer(Alltech model 1666)

# IJ�s3. Kromasil® CHI-TBB. 3È< �Ý
 AiN ¦� �

[ J|
� methanol(ChromAR® HPLC). IJ�s&' 3È<
 �

��� �~ sonicater# IJ�s3. � Ï 4Z óô� 5¾. ���

�[ J|
� methanol/aceton [50/50, v/v%]# IJ�s3. Kromasil®

CHI-TBB. 4d�� �[ 6�� methanol 20 ml� Kromasil® CHI-

TBB 3.3 g. $0 sonicator# IJ�� 30U nl ��r1 ` SSI

reservoir� $�3. �<0 air regulator# �J�� air pressure# 60 psi

Ò@ ��r1 ` �5 J|� 5¾. 1� I�� 7,000 psiÒ@ ���

� Kromasil® CHI-TBB. óô� 4d�s3. óô 4d� þ�4 SSI

reservoir� 1�� 20 ml�É
 4df óô. 9~ 7ü\� methanol

� 1�� SSI reservoir 1�� �7 �� 8ÈQ¯. Ï �5J|�

5¾.  �¦0 µ¶ óôX SSI reservoir# �~�� óô� µ¶.

þ��s3[11]. ÷ø�	 IJ[ ÷ø��� 059 (Young-Lin®

M930), injection system(syringe+sample loop), gradient mixer(Waters), UV

spectrometer(Young-Lin® M720), data aquisition(Young-Lin®, Autochrowin)

&
 �zN§  3. ̧ ü\� )�4 UV detector�	 :ü[ ; ²�

v ý<� ¿W\N ý<�	 PC
 ²�v# Z)�� peak� æ�X

Ä�, retention time M. ÿ. 
  � �s3.÷ø4 �¥�	 
"�

s&' óô4 ÷ø. rL�� Z n��Ý� �# ÏÒ@ , 1r�

�Â �?�&
 =N ¦0 , 30�� >�[ ` IJ�s3. �?��

?@. �6�� �~ �?�� ¸Â. 0.5, 1.0, 1.5, 2.0, 2.5, 3.0(ml/

min)
 à=r�æ	 ÷ø. �s3. râ� ¦ì4 ¦I�# IJ��

AB z # 5, 10, 20(µl)
 gCN¦æ	 ¦ì1�� à=# ¦N O

)�� �
���!. ÿ]&' UV detection4 240 nm&
 0n�s

3. ýD ÷ø4 �¥�	 "�s3.

� ÷ø�	 0n�&
 IJ\� Kromasil®4 �?�� n-hexane,

tert-butylmethyl etherD E4 ��)J|# ¦
 IJ[3. � �� �

<�«. Ä�� �~ acetic acid, triethylamineX E4 E��� �Â

IJf3. �<�0� �� ;*� /�w BupivacaineX E4 F�)

;*� !" acetic acid 0.1-0.2(vol.%) E���Q, acetic acid 0.1-0.2

(vol.%)D triethylamine 0.1(vol.%)nl ��f �Ý
 �?�� E��

l� \N  3. T/	 �?�� �)4 �Ú�&
 n-hexane, 2-

propanol, acetic acid, triethylamine� I)��
 �s3.

3-3. SMB  �

Fig. 2�	 8� gD E� SMB lab-unit� O zone� 2p� óô&


 �zNd 2-2-2-2 �)&
 KromasilR
 HPLCóôX ?$[ h�

&
 3È< µ¶[ C! 1 cm, �� 10 cm� HPLCJ óô 8p, Valco

I� GH�@I JK 5p, +� JK 8p, J|�L 9 (Yong-Lin

M925) 4p, wvM JK, N<  JK
 �)\N  3. ¡[ GH�@

I JK� $nr�� ��� àß 
  l� OPv  
�!&
 �

N�s3.

SMB±n�	 J| G J*� ?@�)4 solvent, extract, feed, raffinate

flow G recycle
 �zN§ 0 ��à!4 5p� 8 �Q GH�@I

JK# OPv 
�!� HplcCtrl®� �~ ��� r� !X `� J

K# RS�� �s3. Tubing4 1/16"
 0.25 mm ID, 1 mm ID# I

J�s0 +�JK
 ?@ h�. Wn�s0, extract�	 wvM JK

D N<  JK, raffinate�	� 9 D N<  JK
 ¸Â. �6�s

3. 4p� óô&
 �zNd !" SMB rÍ
C�	 �?�� ?@

. 8�¦� Å&
 óô ��� 2p� GH�@I JK� J|D r

â, ��� 3p� GH�@I JK� extract, raffinate, recycle� ¿Wf

Å�3. RecycleX J|� óô&
 lì\� 1�� �?�� ?@4

+�JK� Tu� \N, GH�@I JK# 9~ recyclef J|D E

� óô&
 ?U� f3. ¡[ $nr�(switching time)�3 GH�@

I JK�� �~ J|� lì 1�� 3� %ô&
 �?�É
 � 3

�� +�JK� Tu� f3. +�JK� O-ring� .*4 IJ�� J

|� T/ Wn�' IJ[ +�JK� ÔH5¾4 3,000 psi�É
 J

|9 � ̧ Â4 ÔH5¾� 3,000 psi ���	 n~�A [3. Raffinate

D extract�	 ¸Â. �6�0 , 15r� nl  ̀ SMB rÍ
� (Z

�� Yn=f �`� raffinate, extract AB. Vã�s3. Vã[ AB

4 �·J HPLC# �J�� UV-detector λ=240 nm, 9 � ¸Â4

1 ml/min, �¥�	 �·�s3.

4. �
 	 ��

4-1. ����� !" � #$

/�w Bupivacaine. j> �<ß W�&
 Kromasil® CHI-TBB#

slurry packing [ óô. ÷ø� IJ�s3. %& Bupivacaine� �?

�� H[ J~l� |" ¢6	 ��[ râ J|# X� �~ 3»[
���� �41� �6� 2003� 12�
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J|# IJ�� ÷ø�s3. Bupivacaine. hexane/2-propanol(92/8,

vol.%)� '�	 �<³. Ï 32 J|� �~ Y4 J~l# 8V&


 ��[ râJ|
 Ën\]3. /�w Bupivacaine. �<[ �


���!�	 � p� �� � /�w Bupivacaine� S-enantiomerX

R-enantiomer. ���� �~	 ¦ì�l 15 mg/ml, ¦ì1� 20µl


�0 k
[ S-Bupivacaine. �ì�� ÷ø. �s3. � WX Fig. 3�

	 Z 
  [� � �� � �<r� 520U� \u� ��� S-enantiomer

V. þ��s3. 300UH� 8�� ��� �?� )� � 0n�X

ê=¾. 8�� 2-propanol� ���3.

3�4 râ� �<� ��[ �?�� �). Wn�� �[ ÷ø.

�s3. %& acetic acidD triethylamine� ». OO 0.3, 0.05(vol.%)


 0n[ ` n-hexane� ». OO 90, 92, 94, 97, 99, 100(vol.%)&


à=r]3. n-hexane� »� 94%� �# ÏÒ@� �<� �zN@@

�3� Fig. 4�	 8� ÅX E� 97%��&
 ��ß
� �<lD

Fig. 3. Chromatograms of racemic bupivacaine and S-Bupivacaine��������Injec-
tion concentration of 15 mg/ml in hexane/2-propanol���� (92/8, vol%)����
Injection volume of 5µµµµl.

Fig. 2. Schematic diagram of SMB����process.

Fig. 4. Chromatograms with various mobile phase compositions. Injec-
tion concentration of 5 mg/ml. Injection volume of 20µµµµl.
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��
���
���

/
+�r�� ��\� Å. Æ 
  ]3. 2-propanol# ��[ hexane/

acetic acid/triethylamine� 3)��
 ÷ø. ³. Ï� �<l� ��

Y^&Q �<r�� 30� ��&
 _N`. Æ 
  3. �� �<

Xn� 0n�� �� Ëa�X râ�� 
�W�. 9~ �<� �

zN@� ÏÐ� ��Ëa�X b� 
�W�. ß 
  � Æcd�

� 2-propanol� »� Ù6@� \æ 0n�� F½\N  e râ� b

� >½� d"\N +�r�� ª��� \0 �<l ñr ª���

\� ÏÐ�3. T/	 Ôf÷ø�:4 n-hexaneX 2-propanol� ».

�<lD �<r�. 0Ç�� 99/1(vol.%)
 Wn�s3.

3�4 E��� acetic acidD triethylamine� ». à=r]3. %&

Fig. 5� hexane/2-propanol/acetic acid� �). 99/1/0.3(vol.%)
 $n

�� �0 E��� triethylamine� ». 0, 0.05, 0.1, 0.25(vol.%)
 à

=r® +�r�. Æ68^3. Triethylamine� »� ��ß
� ��

� sharpness� ���0 +�r�l g6@� !�. 8s3.

¡ 32 E��� acetic acid� 1��# 0.1%, 0.2%, 0.3%, 0.4%Ò

@ 3U� �� ÷ø[ Jü�Ë� Fig. 6� QRQ  3. Acetic acid�

�. !"�� Zc �<� \@ �3� � »� ��ß
� �<l� �

��� 1��� 0.3%� �Uh. Ï �<l� �� Y0 � ;
� ï

uÇ ª��� Å. Æ 
  ]3. � ÷ø� WX# 9~ 8[� râ�

�<� ��[ �?�� �)�� hexane/2-propanol/acetic acid

triethylamine� 1��� OO 99/1/0.3/0.05(vol.%)$ ÏV. Æ 
  3.

Fig. 74 Bupivacaine� �l� 15 mg/ml$ Ï �<lD OO �)*

+� +�r� �´�� �3. ¸À� ��ß
� �<r�4 �&�

� g6i. Æ 
  3. ¸À� 0.5 ml/min $ Ï� R, S-form� �<

� 40�X 50�� jk �zN@Q ¸À� 1.5 ml/min&
 ���æ �

<r�4 OO 20� �C
  Ni]3. �<l� ¸À� 0.5 ml/min$

Ï 1.32�0 ̧ À� 1.5 ml/min$ Ï� 1.40&
 3.0 ml/min$ Ï� 1.53

&
 ���� ¸À� ��ß
� �<r�4 g6@0 �<l� Ä6

i. Æ 
  3. �<lA. Ú3æ ¸À� 3.0 ml/min � �� Y@A

� ���� �l� U��
 g6§ SMB
 �¬r Í��RV. m

�� niN@É
 �<r�X �¬�:. ý� 0Ç�s. Ï ¸À�

1.5 ml/min $ Ï� �$óô÷ø&
 �Ã[ ¸À&
 Iâf3.

4-2. %&'( )� � 	*+, #$

�
�����# �J[ ±n�	 F½ùÜÁ4 � ±n. �~�

0 omß 
  � ��[ �â�3. SMB±n�	l F½ùÜÁ. W

n[ ` �# 9~ U� �p�:. ¹Öß 
  � f3. SMB �
�

����� q�Á �
������ �~ Ù4 �¤. �@0  &Q

±n� ¹�� 10p ��� à
� ¿�\N NÇR� ��f3. �È

É
 SMB �
������ �Z �: lü. �~	� Ù4 à
i

� �K ¿�\N  N +��� ÷øh�. lì�@ �� !", �Ã

u �r�[ r�X s¾. ���� [3. �È[ SMB� �Z �:

lü4 �Øf à
i� 3»�&
 �~ Ù4 r"½ï#  �� �

~	 Z�ýI� r��3.

|pà
 mn ÷ø. �~ Z#< Xn. �ê Bupivacaine. n-

hexane� '� �l� 1, 5, 10, 20 mg/ml� \l� Ó��s3. O �

l# ¦ì1� 20µl, ¸À4 2 ml/min&
 0n�s3. ?$[ ¸ÀX

?$[ �?�� �:�	 �J r�. Æ68� ��� n-hexane.

20µl# ¦ì�s3. Fig. 84 ¦ì �l� T2 Bupivacaine� �
�

��!�3. Fig. 8�	 8� ÅX E� óô� ¦ì\� râ� »�

���� T/ +�r�� ª��� !�. 8s3. ��� ý»l ¤

� ��� �X �ËÜ)� ��\� ZÜ�� Langmuir� Ü� ��

V. Æ 
  3. ¡[ Fig. 3� racemate�Ý� Bupivacaine# ¦ì�

0 k
[ S-BupivacaineA. ¦ì�s. Ï� Jü�Ë. �´�s.

Ï S-Bupivacaine� racemate Bupivacaine�	 �$ )�$ Ï83 î
Fig. 6. Chromatograms with various compositions of acetic acid. Injec-

tion concentration of 5 mg/ml. Injection volume of 20µµµµl.

Fig. 7. Effect of flow rate on resolution and retention times. Injection
concentration of 15 mg/ml. Injection volume of 5µµµµl.Fig. 5. Chromatograms with various compositions of triethylamine. Injec-

tion concentration of 5 mg/ml. Injection volume of 20µµµµl.
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� %& Jüt. Æ 
  3. �� S-BupivacaineX R-Bupivacaine�

	
� F½� p�. ¦� !
���V. 8�¦� Å�3. T/	

�)*+� M¥F½�ËÁ&
u Competitive Langmuir ÜÝ# IJ

�s3. Á (2)� ��\� OO� |pà
# ÿ� �~ %& ¦ì�l

� T2 +�r�. ���� |" Ê·f �l�	� +�r�. �

�s3. �# 9~ ùÜ�
 �. ��� |pà
 a
 IJ�s. Ï

R-Bupivacaine� !" 6.20 mg/ml, S-Bupivacaine� !" 8.79 mg/ml�

]3. |pà
 b� Á (5)# �J�� r"ï��. 9�� ��s3. �

~d |pà
 b �4 OO R-Bupivacaine� !" 0.364 ml/mg , S-Bupivacaine

� !" 0.922 ml/mg�]3. OO� F½ùÜÁ� |pà
# Hì�

� n<�æ 3�X E3.

(6)

(7)

�v� �[ F½ùÜÁ. �J�� SMB Z�ýI# 
"�s3. I

Jf � QwN� Aspen Chromatography 11.1 service pack 1(Aspen

tech. USA)
u xHy IIIz OPv� ¹��� IJ�s3. OPv�

�p+�� Windows 2000 Professional service pack 3
 ¹��� I

J�s3. OO� SMB �)4 2-2-2-2
 �s&', �w� �� h�

4 UDS1, node� 35
 ¹n�s&', ;*Z)4 convection with

estimated dispersion
 �n�s3. óô C� 5¾ {�� constant

pressure with constant velocity
 ¹n�s&', kinetic ý|4 Solid

linear lumped resistance
 ¹n�s3. OO �)*+� M¥F½�Ë

Á4 Competitive Langmuir ÜÝ# IJ�s3.

Z� ýIXn �� convection with estimted dispersion. 9~ þ�

�
# �[3[12]. � Á� r�[ }�~� 
# ��� �~	 �?

�� ×lD ¤l� H[ �. ��s3. %& ×l� �?�� iN�

� J|� k
 ×l# mixing rule. �J�� ��s3. ¤l� O J

|� k
[ �Ý�	� ¤lD ��Á. �J�� O J|�� ��

�� �¾. 0Çf Grunberg and Nissan h�[13]. �J�� ���

s3. OO� �� h�. 9~ ÿ4 �?�� ×l� 665.81 kg/m3�

0 ¤l� 0.3404 cP�3. ;*Z)�
� 400,000/min
 �n�� ì

¾�s3.

%& Aspen Chromatography# �J�� F½ùÜÁ� ÷ø�D $

���@ þ��s3. �$óô�	 ÿ4 �
���!. :Â�� Fig. 9

D E4 �l �Ë. ÿ]3. Aspen chromatography# IJ�� !"

¦ì1�� 0.1 ml ��� !" �
���!. ÿ. 
 �N ¦ì1�

# 0.2 ml
 �0 �l# ¦ì �l� 107 Ê·r® ¦ìÂ� ?$�

l� �� 
"�s3. ?$[ ¸À� ?$[ óô. IJ�s. Ï

óô� ¦ì\� râ� »� ?$ß !" �
���!� QRQ� +

�r�4 ��[ �. �@� f3. �# 9~ PIM. �J�� �[ F

½ùÜÁ. :��s. Ï ?$[ +�r�. �ò3. �~d F½ ù

ÜÁ. �J�� Z� ýID �´�s. Ï Fig. 9�	#ô �´� �

$��s3.

�l� ¢4 !" râ� óô�	 ËÜ�� �?. 8�', �?�

X 0n� C�	� râ� �l� $n[ �&
 ���� ËÜ F½

ùÜÁ. �@� f3. ËÜ F½ùÜÁ. �@� !" SMB �Z �

:4 triangle theory. 9[ ��[ �� WX# 9~ b� Ô� �:.

lüß 
  3[14]. � !", 0Ç~� ß I�4 SMB ��� ¿W1

�� � ±�� �[ �J 1�A. 0Ç~� [3.

�@A, ÷� ±n�	 ¸J[ �p�:� !" ¢4 �l� 67 $

n �l ���	 �Z~� �� !"�  3. � !" óô C�	 r

â� �ËÜ�� �?. 8�', �$óô. 9~ ÿ4 Jü�Ë ñr

�" �H��� ��# ÿ� f3. ¡[ râ� ¦ì�l� ��
 �

~ �<l� ª��� \0 �
 �~ Ô�� �< �:� ~Ã�� p

ñ4 ª��� \N Ô� �:. lü�� N�3. ÷� /�w

Bupivacaine� !" SMB �p �:�	� râ� �l� 1.5 mg/ml


	 �$óô�	 ÿ4 Jü�Ë(Fig. 10)4 �"�H��� �ËÜ�

Langmuir ÜÝ
 Qï� Å. Æ 
  3[15].

T/	 Competitive Langmuir Á. Wn[ ` intra-particle porosity

# 0Ç�� Table 1X E4 �:. lü�s3. �È[ �:�	 SMB

÷ø. [ WX, ÷ø�4 extract�	 57.85%, raffinate�	 9.3%� k

l
 ÿ. 
  ]3. ÷� Z�ýI�	 triangle theory# �J�� Ô

�� �:. lü�� �Z�s@A, ÷ø�	 8� ÅX E� raffinate

�	� �H�&
 ê=¾� ¢4 R-Bupivacaine� �l83 �H�&


 ê=¾� Ä4 S-Bupivacaine� �l� Ù� Q¯3. ¡[ Table 1�

	 8[� Z�ýI� extract� kl� 47.58%�² �~ ÷� ÷ø�

4 57.58% &
 ,�� ��# 8V. Æ 
  3. �� Í�� r��

�U� ¹ní !" Qï� WX
u intra particle porosity# 0Ç�É


u triangle theory� m2, m3 �� L6§	 qB[ Ð�
 BOf3.

Intra particle porosity# 0Ç�@ �� �Ý�	 SMB �p�:. ¹

qR for m–
6.20cR for m–

1 0.364cR for m– 0.922cS for m–+ +
----------------------------------------------------------------------------=

qS for m–
8.79cS for m–

1 0.364cR for m– 0.922cS for m–+ +
----------------------------------------------------------------------------=

Fig. 9. Comparison of chromatogram of bupivacaine between calculated
data and experimental data. Flow rate 2 ml/min. Injection con-
centration of 20 mg/ml.

Fig. 8. Elution profiles of Bupivacaine. Injection volume of 20µµµµl.
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n�s. Ï� WX� Table 2�3. Table 1� �: � �lD O �Q

�	� ¸À. ?$�� �0 Í�� r�. 15�&
 ��r1 �:

&
 �# 9~ Z� ýI# 
"[ WX OO� �)*+� 0kl(99-

100%)
 �<\� WX# ÿ. 
  ]3. � �:��	 ÷� ÷ø.


"�� Z�ýI WXD �´�s. Ï � $��0, O j>�)*

+� 100% �<� �zNi. þ�ß 
  ]3. 

Fig. 104 Table 2�:�	� SMB�Jr 11��� Z+# �ã��

J|# 0qr1 ̀  �·J HPLC
 ÿ4 �
���!�3. �ã[ J

ö� �� nl� 5 ml� n-hexane� bupivacaine 0.75 g. extract� !

" , 15.847 nl, raffinate� !" 7.27 nlÒ@ ��r]3. T/	

extract� �l� , 0.946 mg/ml, raffinate� �l� , 2.08 mg/mlnl

�3. OO� �l�	 ExtractD Raffinate�	� 0kl(99-100%)
 R-

formX S-form� �<\N Q�. þ��s3.

5. � �

Ú ¿��	� 01���# ä0  � ���,-. SMB �
��

���# �J�� �$ �)*+
 j>�<�0 Ô�� �Z �:.

X� �[ ÷ø. 
"�s3. Bupivacaine4 �1�X x��ã��3.

,<� P). ä� S-(-)-Bupivacaine. �<~ C� �~ �� 0n�

� Kromasil® CHI-TBB 4d�# 1.0×10 cm óô� slurry packing �

� HPLC# �J[ ÷ø. �s3.

%& Ô�� �?� �:. ÿ� �~ ��I�	 �0[ hexane, 2-

propanol, acetic acid, triethylamine � 4�@ r,&
 �$óô÷ø.

�s3. �$óô�	 �?� �:� n-hexane/2-propanol/acetic acid

triethylamine=99/1/0.3/0.05(vol.%)$ Ï OO� j>�)*+� 100%

�<\]3.

�D E4 �?� �:�	 ?�h�� PIM. �J�� F½ùÜÁ

. ��s3. �[ F½ùÜÁ. gº&
 Z�ýI 
�!� Aspen

chromatography 11.1 service pack# �J~ Z�ýI# 
"�� Ô�

� SMB �p�:. lü�s3. ÷ø� IJf SMB� �)4 2-2-2-

2�' IJf óôI��� 1.0×10 cm �]3. �p�:4 /�w

Bupivacaine� �l� 1.5 mg/ml$ Ï, Í��r�4 15�, ��� ¸À

4 0.1 ml/min, J|� ¸À4 0.86 ml/min, extract� ¸À4 0.66 ml/min,

raffinate� ¸À4 0.3 ml/min, <I��� ¸À4 1 ml/min�]3. ÷ø

WXD Z�ýI WX# �´�s. Ï ï� 2%C�	 � $��s&

', 0kl(99-100%)
 �<\]3. �v[ Ú ¿�WX�	�, Ù4 ÷

ø. 9~ SMB �Z�:. lü³e ��� ÷ø83 Z�ýI# �

"�� �Zlü. �� Å� s¾X r�. ª�r��² ¸J�30

Fig. 10. Chromatogram of Bupivacaine extract (a) and raffinate (b) at 11th cycle.

Table 1. SMB operating conditions and purities of extract and raffinate by
considering intra particle porosity

Conditions Results

t* (min) 10 Purity(%)
Feed (ml/min) 0.1 Predicted Experimental
Desorbent (ml/min) 0.86 Extract  47.58 57.58
Raffinate (ml/min) 0.3
Extract (ml/min) 0.66 Raffinate 9.3 9.3
Recycle (ml/min) 1.0

Feed concentration of 1.5 mg/ml

Table 2. SMB operating conditions and purities of extract and raffinate
without considering intra particle porosity

Conditions Results

t* (min) 15 Purity(%)
Feed (ml/min) 0.1 Predicted Experimental
Desorbent (ml/min) 0.86 Extract 98.66 100
Raffinate (ml/min) 0.3
Extract (ml/min) 0.66 Raffinate 99.29 100
Recycle (ml/min) 1.0

Feed concentration of 1.5 mg/ml.
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ε : bed porosity

K : equilibrium constant 

L : column length [cm]

qs,i : column saturation capacity of component i

R : resolution

tR : retention time [min]

t* : switching time [min]

t0 : dead time [min]

w : bandwidth [min] 
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